Preliminary bulk and clay mineralogy data as determined by XRD as well as accumulation rates of quartz and feldspar at Oki Ridge Site 798 give important information about the paleoclimate in Asia and transport mechanisms of the siliciclastic sediment fraction. The (?uppermost Miocene/) lowermost Pliocene sediments at ODP Site 798 are characterized by high amounts of feldspars, smectites, and additionally abundant sand-sized terrigenous components. This is taken as an indication for turbiditycurrent-influenced deposition and a source area of the material different from that of the upper Pliocene/Pleistocene sediments. A distinct increase in accumulation rates for quartz and feldspar occurs near the Gauss/Matuyama boundary. We attribute this prominent shift to higher eolian sediment supply, caused by the increased aridification of Asia, which was probably triggered by the development of major Northern Hemisphere glaciation near 2.5 Ma. The late Pliocene/Pleistocene interval is characterized by short-term "Milankovitch-type" cyclic changes in terrigenous sediment composition most probably reflecting glacial/interglacial arid/humid climate cycles.
INTRODUCTION
During Leg 128 of the Ocean Drilling Program (ODP), three sites were drilled in the Japan Sea with the purpose of reconstructing both the development of the back-arc basin and the origin and genesis of its sediments in relation to the regional paleoclimatic and paleoceanographic evolution (Ingle, Suyehiro, von Breymann, et al., 1990) . As shown in Figure 1 , the sites were drilled in the Kita-Yamato Trough within the larger Yamato Rise (Site 799), in the northern part of Yamato Basin (Site 794) and-to recover a paleoceanographic reference section-on top of Oki Ridge (Site 798).
The major objective of this study is to reconstruct climate-induced changes in terrigenous sediment supply from the Asian continent in order to create an important link between continental loess records in Asia (e.g., Burbank and Jijun, 1985; Kukla, 1987; Tungsheng, 1988) and eolo-marine records in the Pacific Ocean (e.g., Rea and Janecek, 1982; Pisias and Leinen, 1984; Hovan et al, 1989 ). The study is based on determinations of accumulation rates and composition of terrigenous matter (bulk and clay mineralogy).
GEOLOGICAL SETTING AND MODERN TERRIGENOUS SEDIMENT SUPPLY AT SITE 798
Site 798 (37.04°N, 134.80°E; 903 m water depth) is located in the southeastern Japan Sea, about 160 km north of the western coast of Honshu in a small sediment-filled graben on top of Oki Ridge (Fig.  1 ). This shallow-water position, well above the modern calcite compensation depth (CCD) (1500-2200 m; Ujiie and Ichikura, 1973) and on a structurally isolated height ( Fig. 1) , was chosen to obtain a carbonate-rich sequence undiluted by coarse-grained gravity-flow sediments common to the basinal areas (Ingle, Suyehiro, von Breymann, et al., 1990) . At Site 798, a 517-m-thick pelagic to hemipelagic sediment sequence of (latest Miocene/) early Pliocene to Holocene age was drilled (Ingle, Suyehiro, von Breymann, et al., 1990; L. Burckle, pers. comm., 1990) . Diatomaceous ooze, diatomaceous clay, silty clay, clay, and siliceous claystone are the predominant sediments Pisciotto, K. A., Ingle, J. C, Jr., von Breymann, M. T., Barron, J., et al., 1992. Proc. ODP, Sci. Results, 127/128, Pt. 1: College Station, TX (Ocean Drilling Program) .
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with common foraminifers and calcareous nannofossils in the upper 220 m. In addition, this upper 220 m is characterized by rhythmic changes between dark, laminated, diatom-and organic-carbon-rich intervals and light, non-bioturbated to intensely bioturbated, clay-rich intervals (see also Föllmi et al., 1990) . The intercalated volcanic ash layers show a maximum occurrence between 0.9 and 0.3 Ma (Ingle, Suyehiro, von Breymann, et al., 1990) . Shipboard paleomagnetic and biostratigraphic data (Ingle, Suyehiro, von Breymann, et al., 1990) give sedimentation rates in the range of 9.2-21.7 cm/1000 yr with an average sedimentation rate of 12 cm/1000 yr for the entire sequence of Site 798. Terrigenous sediment supply to the Japan Sea is strongly influenced by the prevailing westerly winds ( Fig. 2 ; Tungsheng, 1988) as well as the Pacific drainage system of major rivers from the Asian continent and the Japanese Islands. The sources of the transported sediment components at Site 798 can be derived from distant, arid areas, such as the Gobi desert region, as well as more proximal coastal areas surrounding the Sea of Japan (Fig. 2) . Because of its isolated position far away from the continent, the modern terrigenous sediment supply at Site 798 is restricted mainly to an eolian input. Thus, the investigation of accumulation rates, composition, and grain size of these terrigenous sediment components may provide information about the paleoclimate of the source area and intensity of the wind system (e.g., Sarnthein et al., 1981 Sarnthein et al., , 1982 Stein, 1985a Stein, , 1985b Rea and Janecek, 1982) . Furthermore, correlation of the deposition of wind-blown loess in central and eastern China, eolian sediments in the North Pacific Ocean, and the marine delta 18 O record (e.g., the global climate record) indicates a link between changes in aridity in Asia and global glacial/interglacial climate cycles (e.g., Kukla et al., 1988; Tungsheng, 1988; Hovan et al., 1989) , which should be recorded in the sediments at Site 798.
METHODS

Bulk Mineralogy
After 15 wt% corundum was added as an internal standard, all samples were ground 15 min using a grinding mill in order to get well-homogenized samples. X-ray-diffraction (XRD) measurements were performed on randomly oriented, pressed-powder slides by means of a Siemens XRD system (D 501). The diffractometer has copper Kα radiation combined with a Na Iodide detector. For the bulk mineralogy, the samples were measured from 2°t o 62° two theta (2θ) at 0.03° steps/s. Quartz and feldspar data, presented in this study, are given in weight percentages of bulk sediment with a relative error of <5 wt% (for the method of quantitative and qualitative determination of bulk mineralogy see Emmermann et al., 1989) .
Clay Mineralogy
After the dissolution of carbonate by 50% acetic acid, the < 2-µm fraction was separated by the Atterberg method (Muller, 1967) .
After the addition of 1 wt% MoS 2 as an internal standard, the samples were sucked onto cellulose nitrate filters under vacuum conditions to produce texturally oriented samples. These samples were measured by means of a Phillips PWI700 XRD system with cobalt Kα radiation. The measurements were performed on both untreated samples and glycolated samples from 2° to 40° 2θ at 0.02°-step width/2 s. Additionally, each sample was measured between 28° and 30.5° 2θ at 0.005°-step width/2 s to separate the kaolinite and chlorite more accurately.
Semiquantitative evaluations were based on peak heights, which were multiplied by "Biscaye-factors" (Biscaye, 1965) Å glycolated peak height (×l); illite, 10 Å peak height (×4), and chlorite-kaolinite, 7 A peak height (×2). The 7 Å-peak is separated into a kaolinite and chlorite proportion using the intensity ratio of the kaolinite (002)-peak (3.58 Å) and the chlorite (004)-peak (3.54 Å) (for discussion of the method see Gibbs, 1967; Elverh0i and R0nningsland, 1978) . The sum of the weighted peak heights accounts for 100% of the clay mineralogy of the sample. A more detailed study of clay (and bulk) mineralogy based on peak areas is in progress (Dersch, unpubl. data) .
Calculation of Accumulation Rates
Mass-accumulation rates were calculated according to Van Andel et al. (1975) , using physical-property and mean sedimentation rate data from Ingle, Suyehiro, von Breymann, et al. (1990) and L. Burckle (pers. comm., 1990) , as follows: MAR = LSR (WBD-1.026 PO/100), where MAR = mass accumulation rate (g cm" 2 k.y.~1), LSR = linear sedimentation rate (cm/1000 yr), WBD = wet-bulk density (g/cm 3 ), and PO = porosity (%). The MAR of quartz and feldspar can then be calculated by multiplying the MAR by the weight percent value of quartz and feldspar, respectively. Using these accumulation rates, dilution effects by other components can be excluded. Furthermore, the compaction problem can be eliminated and a comparison of sediment accumulation on both a temporal and spatial basis is possible, whereas further diagenetic influence has not been taken into account.
These calculations were performed on the basis of an average sample spacing of 1.50 m, approximately 12,000 yr, respectively. In Cores 798-13H to 798-15H, a time resolution of approximately 3000 yr was reached, using sampling intervals of 0.30 m.
RESULTS
Composition of the Siliciclastic Sediment Fraction
In order to get information about the composition of the siliciclastic (i.e., terrigenous) sediment fraction the amounts of quartz and feldspar as well as illite, chlorite, kaolinite, and smectite were determined by XRD (Tables 1 and 2) .
The entire sediment sequence at Site 798 is characterized by quartz contents ranging between 5% and 20% (Fig. 3) . At about 290 m below seafloor (mbsf) (i.e., near the Gauss/Matuyama boundary), a distinct increase in the amplitude of fluctuations occurs. Thus, the upper 290 m (i.e., the last 2.47 Ma) show distinct short-term fluctuations. A section within the detailed sampling interval between 115 and 143 mbsf reveals a 40,000-yr cycle ( Fig. 3; for details of the short-term "Milankovitch-type" cycles, deduced from the logging data, see deMenocal et al., this volume).
The feldspar content varies between 2% and 20% (Fig. 3) . Maximum values of 15%-20% are concentrated in the lowermost 80 m (440-520 mbsf), between 120 and 200 mbsf, and in the upper 40 m of the record.
Most of the quartz/feldspar ratios vary between 0.5 and 3 (Fig. 3) . Low ratios are typical in the lowermost 80 m of the sediment sequence (ratios of 0.5-1.5) and in the uppermost 100 m (ratios of 0.5-2). The higher ratios of >2 are found between 420 and 120 mbsf. Isolated peaks with ratios of more than 4 occur at 350, 270, and 150 mbsf.
Clay mineral data are shown in Figure 4 . In the upper 413 m, the clay fraction at Site 798 is dominated by illite with values between 60% and 88% (mean value: 78%) whereas the lowermost part shows distinctly lower values between 30% and 60% (mean value: 42%; Fig. 4) .
The chlorite content varies between about 5% and 27% (Fig. 4) . A short sequence in the lowermost part of the sediment record with values between 4% and 14% (500-320 mbsf) is followed by a distinct increase in both maximum values and amplitude near 320 mbsf
In general, kaolinite content ranges between 0% and 12% (Fig. 4) . The lowermost part of the section (500-325 mbsf) is characterized by more constant values between 3% and 7%, whereas the upper part (325-0 mbsf) displays higher fluctuations with values ranging from 0% to 12%.
Smectite values range between 0% and 63% (Fig. 4) . The smectite record can be divided into two sections. The highest values occur in the lowest part (500^423 mbsf) ranging from 23% to 63%, whereas near 413 mbsf a distinct decrease to values between 0% and 22% occurs.
Kaolinite/illite ratios range between 0 and 0.31, and smectite/illite ratios show expansion between 0 and 2.1. The highest smectite/illite ratios of 0.9-2.1 are typical for the lowermost part of the record (Table 2. ).
Based on first results of peak area evaluation, the trends for illite and smectite are similar to those based on peak height, although differences occur in absolute number: illite values vary between 30% and 70%, whereas smectite values vary between 10% and 70%. Chlorite and kaolinite values display variations between 5% and 20% (Dersch, unpubl. data) .
Accumulation Rates of Quartz and Feldspars
In order to quantify the terrigenous sediment input at Site 798, the accumulation rates of quartz and feldspars have been calculated.
The accumulation rates of quartz vary between about 0.5 and 2.5 g cm' 2 k.y.~1 (Fig. 5 ). Low-amplitude variations between 0.5 and 1.5 g cm" 2 k.y.~1 are typical for the early to early late Pliocene, i.e., 5-2.4 Ma. If the lowermost part of the sediment sequence of Site 798 is of late Miocene age (about 6 Ma; L. Burckle, pers. comm., 1990) , accumulation-rate values would decrease to 0.35-1.05 g cm" 2 k.y." k.y. ' and a mean value of 0.77 g cm 2 k.y. ', if the time interval increases from 6 to 4.3 Ma). The following unit from 4.3 to 2.4 Ma represents a period of relatively constant, low feldspar accumulation with a mean rate of 0.51 g cm" 2 k.y." 1 (range: 0-1.44 g cm" 2 k.y." 1 ). The last 2.4 Ma are characterized by a different pattern, revealing at the base a distinct increase of feldspar accumulation rates (mean value: 0.82 g cm" 2 k.y." 1 ; range: 0-3.04 g cm" 2 k.y." 1 ) with a higher amplitude and a more short-term variation (Fig. 5) . Between 2.4 and 1.1 Ma, and during the last 0.4 Ma, maximum rates of 1.5-2.5 g cm" 2 k.y." 1 are typical.
DISCUSSION
In general, the accumulation rates and composition of the siliciclastic material (i.e., quartz, feldspars, and clay minerals) may allow us (1) to reveal different source areas (i.e., the Asian continent and/or the Japanese islands), (2) to distinguish different transport mechanisms (i.e., fluvial or eolian), and (3) to reconstruct the climate of the source areas (e.g., Thiede, 1979; Sarnthein et al., 1981 Sarnthein et al., ,1982 Rea and Janecek, 1982; Stein, 1985a Stein, , 1985b Chamley, 1989) .
Accumulation rates and composition of the siliciclastic material as shown in Figures 3-6 , demonstrate long-term (i.e., the order of 100,000 yr) and short-term (i.e., about 40,000 yr) fluctuations, which are probably controlled by climate-and oceanographic-induced changes as well as changes in transport mechanisms. Furthermore, they seem to fit into orbital-forced processes, as spectral analyses show significant frequencies at 103, 41, 27, 19, 16, 12, and 10 k.y. (Dunbar et al., this volume; Föllmi et al., this volume) .
During (?latest Miocene/) earliest Pliocene, the terrigenous sediment input was characterized by increased flux rates of feldspar, low quartz/feldspar-ratios, and maximum contents of smectite, which is distinctly different from the late Pliocene/Pleistocene record. Furthermore, in the same interval, well-rounded glauconites grains and coarse-grained quartz were recorded, which were interpreted as allochthonous components (Ingle, Suyehiro, von Breymann, et al., 1990 ). These characteristics imply distinctly different transport mechanisms and probably different source areas of the siliciclastic material in comparison to the younger sediments. We attribute these changes to turbidity currents as the major transport mechanism. These sediments were probably deposited prior to significant uplift of the present-day Oki Ridge. The uplift of the Oki Ridge during the late Pliocene/Pleistocene is indicated by the disappearance of coarsegrained (turbiditic) terrigenous sediments and the decrease in accumulation rates (Fig. 5) . Between 3.78 and 2.4 Ma a gradual increase in the amounts of illite, chlorite, and kaolinite is documented until at 2.4 Ma the values already reach their present-day level. This development is interpreted as the response to a gradual change to dominantly physical weathering due to more arid climatic conditions.
The next distinct change occurs between 2.6 and 2.4 Ma. The late Pliocene/Pleistocene record is characterized by distinctly higher quartz and feldspar accumulation rates (Fig. 5) . This change is interpreted as a climate-controlled increase in eolian sediment supply at Oki Ridge at that time. The eolian transport mechanism of terrigenous sediments is also corroborated by the dominance of silt-sized quartz grains as based on smear-slide descriptions (Ingle, Suyehiro, von Breymann, et al., 1990) . Furthermore, this increase is almost synchronous with the major expansion of deserts and deposition of loess in China (Kukla, 1987; Tungsheng, 1988) . The increase in eolian sediment supply is accompanied by an increase of (marine) organic carbon and biogenic opal, due to an increase in surface water productivity (Stein and Stax, this volume) . These paleoenvironmental changes were probably caused by intensified oceanic and atmospherical circulation and aridification in Asia triggered by the development of major Northern Hemisphere glaciation near 2.5 Ma (e.g., Shackleton et al., 1984) . Similar changes have been recorded in other parts of the global ocean, such as the tropical/subtropical Atlantic (e.g., Stein 1985a Stein , 1985b Ruddiman and Janecek, 1989) or southwestern Pacific (e.g., Dersch and Stein, in press) .
In general, the upper Pliocene/Pleistocene record at Site 798 reflects a depositional sequence characterized by visible long-and short-term cyclic changes in sediment flux and composition, whereas short-term (40,000 yr) cycles can be overprinted by the long-term cycles (100,000 yr; Föllmi et al., this volume) . Since there was no detailed δ 18 θ record available until now, interpretation of the cyclicity in terms of paleoenvironmental conditions is still highly preliminary. The uplift of the Oki Ridge during the late Pliocene/Pleistocene as well as the intensified volcanic activity on the Japanese islands since about 1.6 Ma (Ingle, Suyehiro, von Breymann, et al., 1990 ) must also be considered as a possible overprinting factor to the cycles. Low accumulation rates of terrigenous matter occur between 0.7 and 0.9, 1.3 and 1.4, and 1.7 and 1.9 Ma (Fig. 5) , which may suggest a reduced eolian sediment supply resulting from more humid climatic conditions. Furthermore, there is an increase in carbonate accumulation since 1.9 Ma (cf. Stein and Stax, this volume) , probably resulting from a gradual emergence of Oki Ridge above the early Pleistocene CCD (Ingle, Suyehiro, von Breymann, et al., 1990) . Between 1.7 and 1.9 Ma, i.e., during the Olduvai paleomagnetic event, a phase of prolonged warm and relatively humid climate is also indicated by sedimentological and paleobotanical evidence in China, e.g., by a series of dense polygenetic soils within the Chinese loess soil sequence (Kukla, 1987) . There is also a consistent pattern of loess deposition during glacial maxima and the formation of soil horizons during interglacial periods for the last 1 Ma (Heller and Liu, 1984) . Maxima in the amounts of terrigenous sediments determined by logging data are also interpreted as an increased Asian eolian dust supply associated with glacial maxima (de Menocal et al., this volume; with aluminum as proxy). The composition of the clay fraction with illite and chlorite as dominant clay minerals in the upper Pliocene/Pleistocene record at Site 798 reflects dominantly physical weathering due to more arid climate conditions in the source area of the terrigenous material, too.
The short-term cycles in the Site 798 sediments show two types of periods: a period equivalent to "Milankovitch-type" cyclicity of about 40,000 yr (5-6 m in thickness) ( Fig. 3; de Menocal et al., this volume) and within these cycles, dark/light subcycles of 1000-12,000 yr that are characterized by distinct changes in carbonate and organic carbon contents (Stein and Stax, this volume; Fig. 6 ). These subcycles demonstrate changes between finely laminated, dark intervals with increased organic carbon and lighter, homogenous to bioturbated intervals with lower organic carbon contents (Föllmi et al., 1990; Stein and Stax, this volume) . Whereas the "Milankovitch-type" glacial/interglacial cycles show differences in terrigenous sediment flux and composition (Figs. 3 and 5) , the investigated dark/light subcycles display no clear differences in their siliciclastic composition (Fig. 6) , indicating formation under similar climatic conditions as well as a similar source area. The higher kaolinite value in the upper light part of the cycle shown in Figure 6 , on the other hand, may suggest a different (more southern and tropical) source area for the case of this special paleoenvironmental situation. The 40,000 yr cyclicity seems to reflect global influences as climatic changes, whereas the dark/light subcycles might expose regional paleoenvironmental changes, e.g., due to hydrodynamic fluctuations. These short-term subcycles, which are not bound to either glacial or interglacial stages, may be interpreted as phases within glacial or interglacial periods, when Oceanographic factors may have caused changes in paleoenvironmental conditions (i.e., anoxic vs. oxic condition; cf. Oba et al., 1991; Stein, 1991; Stein and Stax, this volume) . Nevertheless, shipboard and shore-based investigations of these remarkable dark/light cycles (e.g., Ingle, Suyehiro, von Breymann, et al., 1990; Dunbar et al., Föllmi et al., this volume) probably stands for certain paleoenvironmental conditions, therefore precluding one simple model as explanation for the cyclicity. This makes obvious, that for a more detailed interpretation of the data in terms of paleoenvironment, i.e., to explain the cyclicity, a detailed stable oxygen isotope record and the investigation of additional dark/light cycles from different climatic (i.e., glacial and interglacial) times are necessary.
CONCLUSIONS
Our preliminary results can be summarized as follows: Sediments from Site 798 are characterized by long-and short-term fluctuations in composition and flux rates of terrigenous material, probably reflecting paleoenvironmental changes in climate, oceanography, and transport mechanisms.
The (?latest Miocene/) earliest Pliocene record is characterized by relatively high amounts of feldspar, low quartz/feldspar ratios, highest smectite values, glauconites, and coarse-grained quartz grains, attributed to a deposition influenced by turbidity currents.
A distinct increase in quartz and feldspar accumulation as well as chlorite contents at about 2.5 Ma point to substantial changes in paleoenvironmental conditions, which is monitored by an increase in both amplitude and period of the fluctuations. This profound change, which can be correlated with the onset of major loess deposition in China, may have been caused by intensified atmospherical circulation and aridification in Asia due to major Northern Hemisphere glaciation.
The late Pliocene/Pleistocene sediment sequence is characterized by distinct cyclic changes in sediment flux and composition of different periods. "Milankovitch-type" cycles are indicated by changes in flux rates and composition of terrigenous sediments, reflecting different climatic (i.e., humid/arid) conditions in the source area. Several investigated dark/light subcycles with periods of about 1000-10,000 yr show no clear differences in terrigenous sediment characteristics, only in biogenic compounds, reflecting changes in paleoceanic conditions. Further detailed investigations of more dark/light cycles from glacial and interglacial intervals as well as a stable oxygen isotope record are necessary before a more precise interpretation of the data in terms of paleoenvironment is possible.
